2004

SPH

* Fk

Numerical simulation of hypervelocity impacts on laminated
composite plate targets using SPH method

Jaehoon Lee, Songwon Seo, Oakkey Min

Key Words: Smoothed particle hydrodynamics(
), Hypervelocity impacts(

), Composite laminate(
), Constitutive equation( )

Abstract

This paper is concerned with numerical simulation of
laminated composite plate targets using SPH method.

hypervelocity impacts(HVIs) of a projectile on
A one-parameter visco-plasticity model and

damage model is used to describe the HVIs response of composite materials. The numerical simulation
was carried out for a steel projectile striking to aluminum plate targets and for an aluminum projectile
striking to laminated graphite/epoxy (Gr/Ep) composite plate targets. Through the numerical simulation,
comparison with the HVIs response of isotropic materials and composite materials is discussed.
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Table 1 Gr/Ep composite failure thresholds

Stress orientation GPa
Tensile strength, fiber direction 1.45
Compressive strength, fiber direction 1.45
Tensile strength, transverse direction 0.26
Compressive strength, transverse direction 1.03
In-plane shear strength 0.465
Shear strength in 22-33 plane 0.465
J11]
P . (Mean Stress)
( ) })min
3.
3D-SPH
3.1
steel 1000m/s

Mie-Gruneisen

a=0=25, NPH 1.2 .
steel al2024 EOS Table
2

Fig.2 (a) 2.0us
. Fig.2 (c)

Table 2 Material properties of steel and al2024

and constants for Mie-Gruneisen EOS steel al2024

and Gr/Ep.

Material |c, (m/s)| s Ly |pol(kg/m®)| G(GPa)

Y, (MPa)

steel 3600 [ 1.90|1.70| 7850 77

600

al2024 | 5330 |1.34 |2.00| 2790 25

550

Gr/Ep | 4690 | 1.57 |0.87| 1600

Table 3 Material properties of Gr/Ep..

£, (GPa) 139.0
E,=E4(GPa) 9.85
G5(GPa) 5.25
Gy5=G,3(GPa) 3.8
Uiy 0.25
V13=V3 0.38
Qo6 1.4
8.01Ls

3.2 Gr/Ep

Gr/Ep
. steel
1000m/s
. steel -
Gr/Ep
, EOS Mie-Gruneisen
a=£=25 NPH 1.2
steel EOS
Table 2 , Gr/Ep
Table 3 . Fig.3 (a)
2.0us
. Fig.3

(b) (c) 8.0us

Fig 1. Analysis 3D model.
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(@) t=2.0 us (@) t=2.0 us

(b) t=8.0 us (b) t=8.0 us

(c) t=8.0 ps (side view)

| et e

== drarmrs
(d) t=8.0 us (bottom view) (d) t=8.0 us (bottom view)
Fig.2 Simulated impact to aluminum plate with a Fig.3 Simulated impact to Gr/Ep composite plate

steel ball. with a steel ball.
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